Abstract-In this paper, an experimental study is carried out to investigate the performance of various voltage control signal techniques for single phase PWM inverter. These techniques include single pulse width modulation, multiple pulse width modulation, sinusoidal pulse width modulation, modified sinusoidal pulse width modulation and phase displacement control. The performance of these carrier schemes are evaluated in terms of harmonic factor, total harmonic distortion and lowest order harmonic through simulation runs in MATALAB/Simulink. The technique with better harmonic spectrum is then implemented using an inexpensive and readily available AT89S52 microcontroller which generates the gating signals including dead time for switching devices comprising the inverter. The study can be employed for teaching the concepts of carrier schemes to undergraduate students taking the course of power electronics Index Terms-Control signal techniques, matlab/simulink, microcontroller at89s52, pulse width modulation, single phase inverter
I. INTRODUCTION
This paper provides the analysis of different voltage control signal techniques for single phase inverter [1] and the voltage control signal technique with least harmonic contents is implemented using microcontroller. A number of PWM techniques have been presented to obtain variable voltage and variable frequency supply [2] . The inverter generates AC output voltage from a DC input voltage source. The power semiconductor switches can be BJTs, thyristors, MOSFETs, IGBTs etc. The option of power semiconductor switch will depend on rating necessities and simplicity with which the device can be turned on and off. A single-phase inverter will contain two or four power switches arranged in half-bridge or full-bridge topologies [1, 3, 4] . Half-bridges have the maximum AC output voltage restricted to half the value of the full DC input source voltage and may require a centre tapped source. Full-bridges have the full DC source voltage as the maximum AC load voltage. Where DC input source voltage is low, e.g. 12V or 24V [4] , the voltage drop across the conducting power switches is important and should be taken into account both in computation and in choice of the switch.
The AC load voltage of the DC-AC converter is basically a square wave, but PWM methods can be used to lessen the harmonics and generate a quasi-sine wave. If higher AC voltages than the DC source voltage are required, then the DC-AC converter will need a step-up transformer. The output frequency of the DC-AC converter is restricted by the speed at which the power devices are turned on and off, in other terminology by the pulse repetition frequency of the gate, or base, driver circuit.
Thyristors, semi-controlled switch would only be preferred in very high power DC-AC converters, since on the source side there is no voltage zero, and a forced commutation circuit would be required to turn the thyristor off. The preferred switching device is an IGBT, but could be any switching device, the alternative being determined by accessibility of necessary rating and simplicity of turn-on and turn-off. Care must be in use not to have two switching devices 'on' jointly, shorting out the DC-link voltage. There must be either a blanking /dead-time between switching devices or a delay circuit to guarantee this does not take place.
II. PERFORMANCE PARAMETERS
The output of practical inverters contains harmonics and the superiority of an inverter is usually evaluated in the terms of the subsequent performance parameters [1].
A. Harmonic Factor
The harmonic factor (of the nth harmonic), which is measure of individual harmonic contribution, is defined as 1 1
where V o1 is the fundamental component's rms value and V on is the nth harmonic component's rms value.
B. Total Harmonic Distortion
The total harmonic distortion, which is a measure of closeness in shape between a waveform and its fundamental component, is defined as
C. Distortion Factor THD gives the total harmonic content, but it does not specify the level of each harmonic component if a filter is worn at the inverter's output, the higher order harmonics would be attenuated more effectively. Therefore, knowledge of both frequency and magnitude of each harmonic is important. The DF indicates the amount of HD that stays in the exacting waveform after harmonic of that waveform have been subjected to a second order attenuation. Thus DF is determination of efficiency in reducing useless harmonics lacking of having to identify the value of second order load filter and is defined as 
D. Lowest Order Harmonic
The LOH is that harmonic component whose frequency is closest to the fundamental one, and its amplitude is greater than or equal to 3% of the fundamental component.
III. CONTROL SIGNAL TECHNIQUES
A pulse width modulation (PWM) switching plan is developed through carrier modification, which eliminates the constraint in the fundamental component of a expected switching scheme in the linear region [5] . The proposed approach is appropriate for single-phase full bridge inverter. The performance estimation and judgment are based on the fundamental component, the total harmonic distortion (THD) and number of pulses per cycle. There is a variety of techniques to change the inverter gain. The most efficient method to control the inverter gain is to include PWM control within the inverters 
A. Single Pulse Width Modulation
The Simulink schematic for single pulse width modulation control technique for single phase full bridge inverter is shown in fig. 1 . The Results of harmonic analysis are shown in table 1.
In SPWM control, only one pulse per half cycle is available. In single pulse width technique, total harmonic distortion is 46.16% at modulation index of 0.75. The AC gain of single pulse width is very high but the low order harmonic contents are also high. The fundamental component magnitude is 258.78 when 220 VDC is applied at input. Spectrum for V on , HF n and DF n are shown in fig. 5, 6 , and 7 respectively. 
B. Multiple Pulse Width Modulation
The Simulink schematic for multiple phase pulse width modulation control technique for single phase full bridge inverter is shown in fig. 8 . The Results of Harmonic analysis of single phase inverter are shown in table 2. In multiple pulse width technique, total harmonic distortion is 38.6% at modulation index of 0.86. The AC gain of multiple pulse width is high but is lower than that of single pulse width modulation technique. The low order harmonic contents are also high. The fundamental component magnitude is 230 when 220 VDC is applied at input. The pulses for each half cycle are shown in fig. 9 and 10. Fig. 11 contains the output wave form. 
C. Sinusoidal Pulse Width Modulation
The Simulink schematic for sinusoidal phase pulse width modulation control technique for single phase full bridge inverter is shown in fig. 15 The pulses for each half cycle are shown in fig.16 and 17. In sinusoidal pulse width technique, total harmonic distortion is 21.81% at modulation index of 0.8. The AC gain of sinusoidal pulse width is high but is lower than that of single pulse width modulation technique and multiple pulse width technique. The low order harmonic contents are very low as compared to that of single pulse width modulation technique and multiple pulse width technique. The fundamental component magnitude is 176 when 220 VDC is applied at input. Spectrum for V on , HF n and DF n are shown in fig. 19 , 20, and 21 respectively. 
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In Phase Displacement Control, total harmonic distortion is 48.35%. The AC gain of Phase Displacement Control is very low as compared to that of single pulse width modulation technique and multiple pulse width technique, but the low order harmonic contents are also high. The fundamental component magnitude is 198.07 when 220 VDC is applied at input. Figure 34 shows the Output waveform for Phase control technique. Spectrum for V on , HF n and DF n are shown in fig. 35 , 36 and 37 respectively. 
V. HARDWARE IMPLEMENTATION

A. Introduction
SiPWM is extensively adopted for power electronics circuit to obtain digital control so that a series of voltage control pulses can be created by means of the OFF and ON of the power semiconductor devices. The PWM DC-AC converter has become the major selection for power electronic circuits for decades, due to its circuit ease and strong power scheme. SiPWM control signal technique is normally worn for industrialized applications [6] . SiPWM technique is described by stable amplitude pulses through dissimilar duty cycle intended for every period. The breadths of these pulses are altered to get inverter AC load voltage control and toward lessen its harmonic content. SiPWM is generally used scheme in controlling the motor and DC-AC converter application.
In this paper a SiPWM voltage control category is preferred as this voltage control technique presents the benefit of efficiently doubling-up the switching rate of a DC-AC converter voltage. Conventionally, to produce SiPWM signal, carrier signal of triangle shape is generated and compared by other signal known as modulating signal, frequency of modulated signal is the desired output frequency. The projected plan is to change the straight technique by means of microcontroller. The adaptation of the microcontroller gets the elasticity to modify the real-time control program without extra modifications in hardware. It is of small size and low cost control circuit for the single phase inverter.
To achieve the control system an Atmel AT89S52 microcontroller was used [7] . Fig. 38 offered the AT89S52 assignment of pins for the control scheme of SiPWM in single phase full bridge inverter system. The Atmel microcontroller is used as the compensator circuit to build the plan of controller easier, more trustworthy and mainly to decrease their size and components. The control circuit that can do all for a whole circuit is implemented with the help of small separate Atmel microcontroller entrenched in the DC-AC converter system.
B. Single Phase Full Bridge Inverter
The DC-AC converter, also acknowledged as inverter modifies DC source voltage to AC output voltage at desired AC load voltage as well as frequency [8] . The ac load voltage of DC-AC converter has a square waveform, not a sinusoidal waveform but can be made to closely approximate this desire waveform. Fig. 39 presents the circuit for a single phase full bridge inverter. It is an electronic power converter that is important as a boundary between the power input and the load. The inverter presented in fig. 39 has a DC voltage source, four switching elements Q1, Q2, Q3 and Q4 and load. The switching element accessible now a day, such as BJTs, GTOs, MOSFETs, IGBTs, MCT's and SIT's can be worn as a switch. They are substituting the relays, magnetic switches and other magnetic components as the inverter switching devices. This makes use of microcontroller becomes more significant. The full bridge single phase inverter has two legs, left or right or 'A' phase leg and 'B' phase leg.
Each leg consists of two power semiconductor devices connect in series. The output is taken from the midpoints of the phase leg A and phase leg B. Each power semiconductor The switching frequency used in this project is 700 Hz. The software development includes designing suitable switching pulses with the use of the variable frequency and variable duty cycle PWM available inside the microcontroller. It is desired to control the inverter with proper switching pulses. The digital achievement SiPWM is typically obtained by means of a timer based card inside microcontroller. The turn off and turn on time of the switches is determined by this SiPWM control signal. Before this control signal is being generated, proper calculation is done to determine the suitable switching pulses conditions. 
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C. System Outline
The system has a microcontroller circuit for the generation of SiPWM pulses, opto-isolator, gate driving circuit and DC-AC converter circuit. SiPWM signal produced by means of microcontroller desires to be separated for safety and protection between a potentially unsafe and a secure environment. After that outputs are provided to gate driving circuit which includes four self-directed electrically-isolated IGBT drivers. At input side 220 VAC is rectified to produce DC voltages which acts as DC supply voltage for Single Phase Full Bridge Inverter for conversion from VDC to VAC. Capacitor is used as a filter to minimize the ripples in DC voltages to get almost pure DC voltages. Capacitor is connected on DC bus parallel to Inverter circuit. Fig.41 . shows the over-all diagram of the system.
D. Isolation Circuit
To provide isolation between the microcontroller circuit, that is operated at 5V and inverter circuit, which has high voltage and current rating, isolation circuits are used. This is implemented with the help of opto-coupler 817c. Fig. 42 presents the opto-coupler circuit. 
E. Gate Driver Circuit
Mainly, fundamental categories for gate driving circuits are two. One is high side driver and other is low side driver. Meaning of high side driver is that the source of switch, IGBT of inverter circuit can hang between DC-link and ground. Meaning of low side driver is that source of the device; IGBT is at all times coupled to ground.
IC IR2110 is used for the gate driving circuit [9] . Fig. 43 shows the design of the gate driver circuits employing the bootstrap capacitor and, an ultra fast diode, UF4005.
F. Overall Circuit
Combination of all the above sections as one will shape the overall circuit of the single phase inverter of full bridge type. As presented in fig. 44 , the overall circuit schematic diagram contains DC input, PWM inputs and isolation circuit. 
